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(54) METHOD OF ELECTROPLATING ON A METAL 
SUBSTRATE 



(71) We, FUJI PHOTO FILM CO., 
LTD., a Japanese Company, of No. 210, 
Nakanuma, Minami/Ashigara-Shi, Kanagawa, 
Japan, do hereby declare the invention for 

5 which we pray that a patent may be granted 
to us, and the method by which it is to 
be performed, to be particularly described in 
and by the following statement: — 

This invention relates to an electroplating 

10 method whereby from a single electroplating 
baih a non-magnetic plated film and a ferro- 
magnetic plated film are selectively deposited. 

In conventional electronic memory ele- 
ments having a ferromagnetic thin film, some 

15 elements are composed of a ferromagnetic 
film deposited on a non-magnetic base and 
other elements additionally have a protective 
non-magnetic film superplated on the ferro- 
magnetic film. Examples of such memory 

20 elements are magnetic discs and magnetic 
drums for electronic computer use, video 
discs for video slow-motion and for stationary 
image reproduction, and magnetic heads. 
Conventional processes for producing these 

25 elements having a non-magnetic film and a 
ferromagnetic film include the following 
steps. A non-macmptiV : - c - 



troplating a non-magnetic metallic coating 
and a ferromagnetic metallic coating on to a 
non-magnetic metallic substrate, which com- 
prises immersing said substrate. in an aqueous 
electroplating bath containing at least one 
salt of one or more ferromagnetic metals, 
passing an electric current having a current 
density in the range of 0.3 to 1.5 Amps/dm 2 
between the substrate and a counter electrode 
in the bath to cause a non-magnetic coating 
to be deposited, and then increasing the elec- 
tric current to a current density in the 
range of 0.8 to 10 (preferably not more than 
4.0) Amps/dm 5 to cause a ferromagnetic coat- 
ing to be deposited from the same bath. 

Preferably the electroplating bath contains 
at least one salt of nickel or cobalt as the 
salt of the ferromagnetic metal, optionally 
together with a compound of chromium and/ 
or phosphorus. Nickel salts are most 
preferred, and with these a phos- 
phorus-containing salt is usually present. 
The electroplating bath may also con- 
tain one or more of compounds of copper, 
zinc, gold or tin. When these metals are 
present ir i<s km;— -» • * f 
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v/x; we, ruji rnwiu nuvi LU., 
LTD., a Japanese Company, of No. 210, 
Nakanuma 3 Minami/Ashigara-Shi, Kanagawa, 
Japan, do hereby declare the invention for 
which we pray that a patent may be granted 
to us, and the method by which it is to 
be performed, to be particularly described in 
and by the following statement: — 

This invention relates to an electroplating 
method whereby from a single electroplating 
bath a non-magnetic plated film and a ferro- 
magnetic plated film are selectively deposited. 

In conventional electronic memory ele- 
ments having a ferromagnetic thin film, some 
elements are composed of a ferromagnetic 
film deposited on a non-magnetic base and 
other elements additionally have a protective 
non-magnetic film superplated on the ferro- 
magnetic film. Examples of such memory 
elements are magnetic discs and magnetic 
drums for electronic computer use, video 
discs for video slow-motion and for stationary 
image reproduction, and magnetic heads. 

Conventional processes, for producing these 
elements having a non-magnetic film and a 
ferromagnetic film include the following 
steps. A non-magnetic film is formed by plat- 
ing the base in a non-magnetic plating bath 
(such as a bath for depositing copper, zinc, 
chromium or gold); a ferromagnetic film is 
separately formed from another bath (such 
as a bath for depositing nickel, cobalt or a 
nickel-cobalt alloy). 

However, these conventional plating pro- 
cesses have the defects that two separate 
baths are required, with a washing step be- 
tween them to prevent carry-over of the bath 
solutions, and time is needed for these three 
steps and for the transferring between the 
steps; in a factory process, special apparatus 
is also required for the transfers. 

In order to simplify this process we have 
devised a plating method capable of being 
carried out in a single plating bath, wherein 
both a non-magnetic plate film and a ferro- 
magnetic plate film are selectively deposited 
by varying the plating conditions. 
This invention provides a method of elec- 



troplating a non-magnetic metallic coating 
and a ferromagnetic metallic coating on to a 
non-magnetic metallic substrate, which com- 
prises immersing said substrate. in an aqueous 
electroplating bath containing at least one 
salt of one or more ferromagnetic metals, 
passing an electric current having a current 
density in the range of 0.3 to 1.5 Amps/dm 2 
between the substrate arid a counter electrode 
in the bath to cause a non-magnetic coating 
to be deposited, and then increasing the elec- 
tric current to a current density in the 
range of 0.8 to 10 (preferably not more than 
4.0) Ainps/dnr to cause a ferromagnetic coat- 
ing to be deposited from the same bath. 
Preferably^: the ( electroplaiing. bath, contains 
- at least one salt 'of 'nickel' or ! cobalt as the 
salt of the ferromaghetic metal, optionally 
together with, a compound of chromium and/ 
or phosphorus. Nickel salts are most 
preferred, and with, these a phos- 
phorus-containing salt is usually present. 
The electroplating bath may also con- 
tain one or more of compounds of copper, 
zinc, gold or tin. When these metals are 
present it is believed that they selectively 
deposit in the non-magnetic coating. 

When plating a substrate comprising a 
metal such as copper, zinc or tin, variation 
of the plating conditions is necessary in order 
to obtain successively a non-magnetic film 
and a ferromagnetic film. The plating condi- 
tions which can be varied are die manner of 
charging the plating bath with electricity, the 
electric current density of the plating bath, 
the temperature of the plating bath, whether 
or not the plating bath is stirred and the de- 
gree of stirring, and the duration of the plat- 
ing. 

By varying these parameters, it is possible 
to selectively deposit both a non-magnetic 
film and a ferromagnetic film in the same 
bath. However, it is difficult to selectively 
obtain these films by varying the temperature 
of a plating bath; variation of the temperature 
is not so effective because the plating bath 
temperature must necessarily always be varied. 
We have found that variation of the electric 
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current density is most effective in a plating 
bath for selectively depositing a non-mag- 
netic film and a ferromagnetic film. 

Thus, with an appropriate composition of 
the plating bath, the electric current density 
is varied, so that when the current density 
is low, a non-magnetic film is deposited, and 
when the current density is high, a ferro- 
magnetic film is deposited. The actual density 
used will vary depending upon the composi- 
tion of the plating, bath and sizes of the 
particles in the film to be deposited. The 
composition of the bath determines the charac- 
ter of the film formed when the current den- 
sity used is in the intermediate range of 
0.8 to 1.5 A/dm 2 . 

In order to selectively deposit a non- 
magnetic and a magnetic film from one plat- 
ing bath, it is also important to appropriately 
control the particle size in the film to be de- 
posited, by appropriately varying the plat- 
ing conditions, especially the current density 
and the composition of the bath. The sizes 
of the deposited particles, are preferably con- 
trolled to 500 A to 0.1 micron in the ferro- 
magnetic coating and to 100 A to 0.1 micron 
in the non-magnetic coating. 

The pH of the plating bath can be from 
2 to 6. A suitable temperature range is from 
10° to 70°C Electrodes which can be used 
are a nickel anode plate ' having a purity of/, 
more than 99.9% where a nickel; plating bath 
is used and a platmumkir rhodinn^pl^ted YQ.l 
to 0.5 microns thicli plating) co^per^tin or ;: 
zinc plate anode where a cobalt plating bath . 
is used. Suitable plating techniques which 
can be employed are described ' in U.S. 
Patents Nos. 2,644,787, 3,152,974, 3,227,635, 
3,578,571 and 3,637,471. Electricity can be 
supplied to the electrodes as pulses of the. 
same polarity of current, or the polarity of 
the current applied to the anode and cathode 
can be alternated. 

The substrate may first be provided with 
a subbing layer (e.g. copper, zinc or tin) 
before being electroplated by the method 
according to the invention. 

Suitable plating bath compositions for 
forming such subbing layers of Cu, Zn or Sn 
on the substrate are as follows : 
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Bath for plating tin: 
SnS0 4 



1 to 300 g/litre 
1 to 30 cc/litre 



An exemplary bath for plating nickel by 60 
the method according to tie invention has 
the following composition: 



NiS0 4 . 6H.O 
NiC3 2 . 6H 6 
H 3 B0 3 

NaHPO, . 2H 2 0 
Pure water 



10 to 30 g 
5 to 15 g 
5 to 20 g 
0.1 to 20 g 
1 litre 



Bath for plating copper: 1 

CuSO, . 5H.O 1 to 300 g/litre 

ttSOj 5 to 30 cc/litre 



Bath for plating zinc: 
ZnS0 4 
H,SO k 



TABLE 1 
Composition 
NiSO, . 7H O 
NiCL .6HO 
H 3 B0 3 

NaliPO, . 2H u O 
Pure water 

Bath Coiditions 
Plating Bath Temperature 
pH 



300 g 
50 g 
40 g 
14 g 

1000 cc 
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This bath is suitably used at a temperature 
of 10° to 40°C. 

Determination of whether the plated film 70 
is non-magnetic or ferromagnetic can be 
made by detecting the presence of a satura- 
tion magnetization (Bm) in a hysteresis curve 
obtained with a B — H tracer; this test is car- 
ried out on a sample of plated film having an 75 
area of 1 cm 2 and a thickness of 0.05 to 
0.1 

The method of this invention is much 
simpler than the afore-described two-bath 
convenional processes for the plating of two 80- 
films, and can be carried out more simply 
and cheaply. The plated articles obtained are 
useful as electronic memory components hav- 
ing good memory characteristics. 

The invention is illustrated by the follow- 85 
ing rEtanjples. 



EXAMPLE 1 ' 7 

Using a plating bath containing the com- 
ponents given in the following Table 1, the 
bath being provided with a nickel plate anode 90 
(nickel purity: 99.9%), a copper plate base 
substrate (copper purity: 99.9%), which was 
previously confirmed to be non-magnetic 
using a B — H tracer, was plated by varying 
pie density of the electric direct current dur- 95 
ing the plating. 



100 



45°±5°C 103 
4.6+0.4 



1 to 300 g/litre 
5 to 30 cc/litre 



The plating conditions and the results 
obtained are given in the following Table 2, 
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Plating Electric Current 

Conditions: Density (A/dm*) 

Plating Time (sec) 
Existence of Magnetic Character 
Coercive Force: He (Oe) 
Squareness Ratio: SQ (Br/Bs) 

Note 0 : ferromagnetic 
X : non-magnetic 

From the results contained in Table 2, it 
is seen that in this plating bath, when the 
electric current density was 1.5 A/dm 3 or 
more, a ferromagnetic plate film Was de- 
posited, and when the electric current density 
was 12 A/dm 2 or less, a non-magnetic plate 
film was deposited 

The saturation magnetization value of the 
ferromagnetic plate film obtained was 5800 
G/cc, and it was confirmed that the film is an 
excellent nickel-plated film having a satura- 
tion magnetization value which approximates 
to that of pure nickel. 

EXAMPLE 2 
Using a plating bath containing the com- 
ponents given in the following Table 3, 
the bath being provided with a nickel plate 



Plating Electric Current 

Conditions: Density (A/dm 2 ) 

Plating Time (sec) 
Existence of Magnetic Character 
Coercive Force: He (Oe) 
Squareness Ratio: SQ (Br/Bs) 
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TABLE 2 
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40 
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0.82 


0.78 


0.67 


0.80 



anode (nickel purity: 99.9%), a zinc plate 
substrate (zinc purity: 99.8%), which was 
previously confirmed to be non-magnetic using 
a B — H ;racer was plated by varying the elec- 
tric current density and the plating time. 
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TABLE 3 
Composition . , 

Niso 4 . mo 

NiCL . 6H-6 
H 3 B0 3 

NaH 2 PO. '. 2H .0 
Pure Water 

Bath Condition 
Plating Bath Temperature 
pH 

The plating conditions and the results ob- 
tained are given in the following Table 4. 



230 g 
45 g 
40 g . 

4 g 
1000 cc 



50°±4°C 
4.8 ±0.4 
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TABLE 4. 




7 8 


9 


0.4 0.5 


0.6 


60 60 


60 


X x 


X 



Sample 
10 

; 0.8 
90 * 
.0 
60 
0.82 



11 . 

1.2 
90 
0 

124 
0.78 



12 

3.0 

40 

0 

84 

0.87 



From the results contained in Table 4, it 
can be understood that in this plating bath, 
non-magnetic plated films and ferromagnetic 
plated films were obtained when the electric 

*n ^ e * n L d « nsily was °- 6 A / dm ' or less and 
ou 0.8 A/dm- or more, respectively. 

EXAMPLE 3 
Using a plating bath containing the com- 
ponents given in the following Table 5, a 
copper base plate was plated in the same man- 
65 ner as described in Examples 1 and 2, The 



plating conditions and the results obtained are 
given in the following Table, 6. 



TABLE 5 
Composition 
Ni(BF 4 ) 2 
H 3 B0 3 

NaH 2 PO a . 2H.0 
Pure Water 



Bath Condition 
Plating Bath Temperature 
PH 



100 g 

4 g 
1000 cc 



25°±5 P C 
35 
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Plating Electric Current 

Conditions: Density (A/dor) 

Plating Time (sec) 
Existence of Magnetic Character 
Coercive Force : He (Oe) 
Squareness Ratio: SQ (Br/Bs) 

From these results, it can be understood 
that in this plating bath, a non-magnetic 
plated film was formed when the electric 
current density was 1.4 A/dm 2 or less and a 
ferromagnetic plated film was formed when 
the density was 1.7 A/dm 2 or more. 

EXAMPLE 4 
Using a plating bath containing the com- 
ponents given in the following Table 7, a 
copper base plate was plated in the same 
manner as described in Examples 1 3 2 and 
3. The plating conditions and the results 



TABLE 6 
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obtained are given in the following Table 8. 
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TABLE 7 
Composition 
NiSO* . 7H O 
NiCI, . 6H O 
NRiCl 

NaH.PO. . 2H.0 
Pure Water 



Bath Condition 
Plating Bath 
pH 



Temperature 



140 g 
40 g 
80 g 

8 g 
1000 cc 



45 C ±5 C C 
55 
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TABLE 8 



Plating Electric Current 

Conditions: Density (A/dm 2 ) 

Plating Time (sec) 
Existence of Magnetic Character 
Coercive Force: He (Oe) 
Squareness Ratio: SQ (Br/Bs) 

From these results, it can be understood 
that in this plating bath, a ferromagnetic film 
was obtained when the electric current den- 
sity was 1.5 A/dm 2 or more 3 and. a non- 
magnetic plated film was obtained when the 
density was 12 A/dm 2 or less. 

EXAMPLE 5 
Using a plating bath containing the com- 
ponents given in the following Table 9, a 
copper base plate was plated in the same 
manner as described in Examples 1, 2 and 
3. The plating conditions and the results 
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obtained are given in the following Table 

TABLE 9 
Composition 
CoSO, . 7H.O 
CoCi 2 . 6H 6 
H3BO3 

NattPO, . H O 
Pure Water 



10 g 

5 g 
30 g 
40 g 
1000 cc 



Bath Condition 
Plating Bath Temperature 



45°C 
5.5 ±0.5 
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TABLE 10 



Sample 
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75 



Plating 
Conditions 



Electric Current 
Density (A /dm 2 ) 
Plating Time (sec) 
Existence of Magnetic Character 
Coercive Force: He (Oe) 
Squareness Ratio: SQ (Br/Bs) 

From these results, it can be understood magnetic plated film was obtained when the 

that in this plating bath, a ferromagnetic density was 0.5 A/dm 2 . 80 
plated film was obtained when the electric As is apparent from the results of the 

current density was 1.5 A/dm 2 , and a non- above Examples, where various kinds of plat- 
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ing bath and base metal were used, both a 
non-magnetic film and ferromagnetic film 
were selectively obtained in a single plating 
bath in each case by varying the plating con- 
ditions. 

When the hardness and the surface rough- 
ness of each plated film obtained were tested, 
no abnormalities were found, and the plated 
film obtained had excellent brilliance. 

WHAT WE CLAIM IS: — 

1. A method of electroplating a non-mag- 
netic metallic coating and a ferromagnetic 
metallic coating on a non-magnetic metallic 
substrate, which comprises the steps of (a) 
irnmcrsmg said substrate in an aqueous elec- 
troplating bath containing at least one salt 
of one or more ferromagnetic metals, (b) pass- 
ing an electric current having a current den- 
sity lying in the range of from 0.3 to 15 
Amps/dm 2 between the substrate and a 
counter electrode in the bath to cause a non- 
magnetic coating to be deposited, and (c) 
increasing the electric current to a current 
density lying in the range of from 0.8 to 10 
Amps/dm 2 to cause a ferromagnetic coating 
to be deposited from the same bath. 

2. A method as claimed in Claim 1, where- 
in the current density in step (c) is not more 
man 4.0 Amps/dm 2 . 

3. A method as claimed in Claim 1 or 
2 5 wherein the ferromagnetic coating is 
formed by the deposition of particles having 
a size of 500 A to 0.1 micron. 



4. A method as claimed in Claim 1, 2 or 

3, wherein the non-magnetic coating is formed 35 
by the deposition of particles having a size of 
10O A to 0.1 micron. 

5. A method as claimed in any of Claims 
1 to 4, wherein the ferromagnetic metal is 
nickel or cobalt. " 40 

6. A method as claimed in any of Claims 
in the electroplating bath further contains a 
compound of chromium and/or phosphorus. 

7. A method as claimed in Claim 5 or 6, 
wherein the electroplating bath further con- 45 
tains at least one compound of copper, zinc, 
gold or tin. 

8. A method as claimed in any preceding 
Qaim, wherein the substrate is provided with 

a subbing layer of copper, zinc or tin. 50 

9. A method of electroplating as claimed in 
Claim 1, substantially as hereinbefore des- 
cribed with reference to any of the Ex- 
amples. • 

10. An article electroplated by a method as 55 
claimed in any preceding Claim. 
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